A new study has identified the sensory basis for behavioral adaptation in cavefish, providing insight into the process of nervous system evolution.
Understanding how evolution shapes the nervous system remains a fundamental challenge in neurobiology. One topic of discussion is whether the inherent flexibility of the nervous system affects its evolutionary trajectory. Classic developmental studies established the concept that the nervous system exhibits extensive rewiring in response to experimental perturbation. For instance, addition, removal, or redirection of sensory inputs from the eye alters the structure and function of downstream targets of visual information (for example [1] [2] [3] ). Furthermore, experimentally modified circuits can have functional influences on behavior [3] . Evolutionary neurobiologists have suggested that this intrinsic developmental plasticity facilitates nervous system evolution by circumventing the need for additional hard-wired changes in downstream processing circuits [4, 5] . The paper by Yoshizawa et al. [6] in this issue of Current Biology sheds light on this issue by characterizing an association between sensory system and behavioral elaboration in blind cavefish.
The tetra Astyanax mexicanus has long been a favorite study system of comparative biologists [7] . A few million years ago, pond and river dwelling tetras were isolated in dozens of underground cave systems throughout Central America [8] . These independently derived cave-dwelling populations evolved a parallel suite of adaptations (Figure 1 ), including loss of eyes, reduction in body pigment, larger jaws, more taste buds and behavioral differences [8] . Together with the contemporary existence of the ancestral surface-dwelling populations, this diversity affords a rare opportunity to investigate the mechanistic basis for behavioral evolution.
Yoshizawa et al. [6] describe a behavioral difference between blind cavefish and their sighted surface counterparts: attraction to vibrations. Cavefish rapidly and repeatedly approached a vibrating glass rod, but surface fish largely ignored this stimulus. The authors suggest that this vibration attraction behavior is likely utilized by foraging cavefish to orient toward a food source [6] . Vibrations in the natural environment can be produced by the movements of prey or of other conspecifics during feeding [6, 9] . The authors tested this hypothesis using competitive prey-capture experiments and showed that blind cavefish with vibration attraction behavior were more successful than surface fish without this response at locating live, vibrating prey in the dark.
Yoshizawa et al. [6] next explored whether discernable changes in the nervous system of cavefish might underlie their enhanced attraction to vibrations. Fish detect low frequency vibrations using the lateral line system, a sense unique to fish and amphibians [10] . The lateral line is composed of groups of hair cells located in clusters called neuromasts. Previous studies had identified differences in the morphology of individual neuromasts between surface fish and cavefish [11] . The authors confirmed these previous findings and further demonstrated that cavefish also possessed significantly more neuromasts than surface fish [6] . Several lines of evidence from the current study pinpoint one class of neuromast, superficial neuromasts, as the contributors to vibration attraction behavior. The authors showed that the tuning curve of the vibration attraction behavior matched the peak sensitivity of superficial neuromasts, and a developmental analysis revealed that the first occurrence of vibration attraction behavior closely followed the appearance of neuromast differences between cave and surface fish [6] .
What sets this paper apart from most previous studies on sensory evolution is that the authors moved beyond a simple correlation study by functionally manipulating the lateral line. Because widely used toxin ablation methods may show extensive cross-reactivity across hair cell classes [12] , Yoshizawa et al. [6] developed a mechanical technique to principally ablate superficial neuromasts, which revealed that vibration attraction behavior in cavefish requires superficial neuromasts [6] .
This work has clearly established that the lateral line system is necessary for vibration attraction behavior; however, several lines of evidence suggest that an increased number of superficial neuromasts alone was not sufficient to generate vibration attraction behavior [6] . First, some individual cavefish never exhibited vibration attraction behavior, yet they had similar numbers of neuromasts as fish that routinely showed robust vibration attraction behavior. In addition, there was substantial environmental plasticity in vibration attraction behavior: cavefish reared in the laboratory showed significantly reduced vibration attraction behavior when compared with wild-caught fish from the same population. Together, these results suggest that other factors may also contribute to vibration attraction behavior and that peripheral change alone is not sufficient to drive evolution of vibration attraction behavior.
The novel findings of Yoshizawa et al. [6] are intriguing, and set the stage for future work that could both clarify a role for other contributing factors and provide a more direct experimental test of the idea that sensory system modification directs nervous system evolution. One exciting prospect is identifying the genetic basis for differences in vibration attraction behavior and the lateral line sensory system between cavefish and surface fish. Because different Astyanax populations are interfertile, they can be crossed to generate progeny for genetic mapping. Quantitative trait locus (QTL) mapping studies have already yielded tremendous insight into the genes causing morphological changes in Astyanax [13] [14] [15] , and QTL mapping shows promise for addressing some of the questions raised by this study. For example, QTL analysis could identify whether vibration attraction behavior tendency and lateral line enhancement map to the same genomic regions, thereby establishing an association between these traits on a genomic level. In addition, a QTL analysis could reveal potential genomic regions that are unique to each trait, which could highlight factors contributing to vibration attraction behavior that are unrelated to neuromast differences.
The use of genomic approaches also has the potential to provide a more direct test of the concept of nervous system evolution raised earlier: whether sensory evolution alone can drive behavioral change. This idea has previously been difficult to test experimentally. The few studies that have probed this idea have shown that the nervous system can incorporate atypical sensory changes into functional circuits (for example [16] ), but that peripheral changes are not sufficient to generate all aspects of an evolutionary shift in brain function [16] . The vibration attraction behavior of cavefish offers another system for addressing this question. Identification of the genomic changes underlying lateral line system elaboration in Astyanax could serve as the basis for experiments probing the flexibility of nervous system form and function by manipulating gene function [16] [17] [18] Signaling mediated by Notch and Delta is widely used in animals, for instance to pattern the nervous system and muscle progenitors. A classical view of this process stems from the analysis of the Drosophila peripheral sensory system and is based on the concept
